A study was carried out to assess levels of contamination of aflatoxins and fumonisins (B 1 + B 2 ) in maize produced, stored and consumed in rural households in Malawi. A total of 9 districts were selected across the country representing 3 districts from each of the Northern, Central and Southern regions respectively. Households were selected at random in each district where 10 maize samples were collected for laboratory analysis. Aflatoxins and fumonisins were analyzed using a single step lateral flow immunochromatographic assay based on a competitive immunoassay format. The detection limit for aflatoxins was 2 g/kg with a quantitation range of 2-150 g/kg and that for fumonisins was 1 mg/kg with a quantitation range of 1-7 mg/kg. It was found that samples in the Southern region were highly contaminated, with the Chikhwawa district having high levels of both aflatoxins and fumonisins in maize. The Northern region had the least contamination. The maximum detected amount of aflatoxins was 140 g/kg. The maximum detected amounts of fumonisins was 7 mg/kg. About 20% of maize samples exceeded the tolerable maximum limit for aflatoxins in Malawi. Aflatoxins and fumonisins were found to co-occur with contamination levels exceeding 100 g/kg for both aflatoxins and fumonisins.
Introduction
Mycotoxicosis in sub-Saharan Africa is due mainly to aflatoxin contamination. About 250,000 hepatocellular carcinoma-related deaths occur annually in parts of sub-Saharan Africa due to aflatoxin ingestion alone [30] . Up until the mid-1990's reports of acute aflatoxin poisonings, approximately 25% of which result in deaths has been reported [30] .
No serious mycotoxicosis outbreak has been reported so far in Malawi, but the climatic conditions, outbreaks of mycotoxicosis in neighboring countries and knowledge of pre-and post-harvest practices strongly suggest that Malawians are consuming mycotoxin-contaminated foods. This research, therefore, was aimed at assessing the extent of mycotoxin contamination in maize consumed in Malawi.
Malawi is a country in southern Africa with a population of about 17 million people. The backbone of Malawi's economy is agriculture, which employs about 90% of the population. Agriculture contributes more than 35% of the country's gross domestic product (GDP) and accounts for almost 85% of the export earnings [18] .
Maize in Malawi is the most important staple food crop; it is grown by 97% of farming households and accounts for 60% of total food consumption. It is cultivated on more than 70% of the total arable land and contributes significantly to diets of more than 80% of the population, with per capita consumption of 182 kg per year [16] .
Over half of Malawi's farming households operate below subsistence. Because of low productivity and small farm size, only 20% of maize farmers produce surplus and sell their product [6] . This means that about 80% of these farmers are not able to produce enough maize for their own home consumption. Most farmers will sell the best quality maize that they have. As a result what is left as food for family consumption is frequently grain of poor quality, some of which may be contaminated by mycotoxins, leaving this population at a health risk.
Food safety with its relationship to food quality in the developing countries of Africa is an issue which frequently must be balanced by issues of food security with an emphasis on sufficiency of supply [25] .
The lack of an effective regulatory and enforcement framework coupled with a lack of consumer awareness and understanding of the effect of molds and mycotoxins on human health combine to increase risk to human health. Currently in Malawi there are insufficient data on the extent of fumonisin prevalence and there is only limited data regarding aflatoxin contamination in maize. Aflatox- ins are regulated in Malawi, but this only applies to maize or any farm produce meant for export or for those products meant for super markets. Fumonisins on the other hand are not regulated currently in Malawi; however, there is as much risk associated with consuming maize contaminated with fumonisin as is the effect of consuming maize contaminated with aflatoxins [20, 32] . It has been shown in Tanzania that aflatoxins coexist with fumonisins in maize [14] , and there is also evidence suggesting that aflatoxins act synergistically with fumonisins [20] putting consumers at more risk from their combined effects. When animals or humans consume foods contaminated with aflatoxins, AFB 1 is metabolized in the liver leading to formation of highly reactive chemical intermediates. The binding of these intermediates to DNA results in the disruption of transcription and in abnormal cell proliferation, leading to mutagenesis and carcinogenesis [10, 12, 24] . Consumption of moldy maize containing fumonisin B 1 has been associated with an outbreak of abdominal pain and diarrhea in India [2] . Pathogenic effects due to fumonisin ingestion in animals include leukoencephalomalacia, pulmonary edema, hepatotoxicity, hepatocarcinogenicity and nephrotoxicity [23] . Consumption of contaminated maize has been associated with an elevated risk of human esophageal cancer in the Transkei region in South Africa and China [32] . It has been shown that culture material of Fusarium verticillioides was hepatocarcinogenic in rats, exhibiting both initiating and promoting effects. FB 1 was subsequently shown to be a liver cancer promoter in a diethyl nitrosamine-initiated rat model. Fumonisins, in particularly FB 1 are prototypic inhibitors of cellular sphingosine (sphinganine) N-acetyltransferase. Inhibition of this enzyme is followed by an accumulation of sphinganine and sometimes also sphingosine and a depletion of complex sphingolipids in eukaryotic cells. The beginning and progression of diseases associated with FB 1 have a close relationship to the disruption of sphingolipid metabolism [17, 21, 29] . This leads to impairment of cell cycle regulation and cellular differentiation. It also results in oxidative stress as well as apoptosis and necrosis [11] . Altered apoptosis and mitosis is thought to contribute to carcinogenesis through an altered balance of cell death and replication [31] .
Approximately 25% of the world's food crops are affected each year by mycotoxins [4] with aflatoxin and fumonisin contamination being of particular importance. Most African countries are lagging behind industrialized countries in pre-and post-harvest practices that would minimize mycotoxin consumption. Donating ("dumping") mycotoxin contaminated food products and the introduction of contaminated commodities into the human food chain during acute and chronic food shortage due to drought, political and economic instability also contribute to the problem.
Aflatoxins are produced by the fungi Aspergillus parasiticus and Aspergillus flavus as secondary metabolites when the temperatures are between 24 • C and 35 • C. They form in many commodities in conditions of excess moisture during harvest and storage. Aflatoxins are considered by the United States Food and Drug administration (USFDA) to be unavoidable contaminants of foods.
Among the aflatoxins and their metabolites, only AFB 1 , AFB 2 , AFG 1 and AFG 2 have been found as natural contaminants in agricultural products. They cause mycotoxicosis in poultry and mammals. Acute aflatoxicoses have been reported in humans in Taiwan, Canada, Uganda, Germany, India and Kenya [3, 27, 8] .
AFB 1 ingestion by humans is becoming increasingly important as new results from laboratory animal studies and epidemiological studies are reported. Chronic aflatoxicosis with high incidence of primary liver cancer has been reported in Uganda, Thailand, Kenya, Mozambique and China [3, 27] . Aflatoxin ingestion impaired child growth in Benin and Togo [9] . Despite of nearly 50 years of research, the extent of the global exposure to this carcinogen is still poorly documented, hampering estimation of the associated disease burden. Currently, the World Health Organization does not recognize mycotoxins as a disease burden. Using aflatoxin biomarkers, it has been shown that aflatoxins cross the placental barrier as revealed by the presence of aflatoxin albumin adducts in cord blood samples [31] . In West Africa, this exposure has been shown to continue in infancy and once children are weaned, they have a similar high prevalence and level of exposure as observed in adults [31] . The regulatory limit for aflatoxins in Malawi is 3 g/Kg but which is in the process of revision to match the limit in the Common Market for Eastern and Southern Africa (COMESA) harmonised standard.
Fumonisins, like aflatoxins, are a group of toxic metabolites produced by the molds Fusarium verticillioides, F. proliferatum and F. nygamai with Fusarium verticillioides being the predominant contaminant in food and feeds, (Michael and Wyatt, 1993). Fumonisins were first isolated in 1988 and consist of a long hydroxylated hydrocarbon chain with added tricarboxylic acid, methyl, and amino groups. They are polyols with a long chain (20 carbons) esterified in the C14 and C15 with two groups of tricarboxylic acids. Fumonisin B 1 (FB 1 ), Fumonisin B 2 (FB 2 ) and Fumonisin B 3 (FB 3 ) are the major naturally occurring fumonisins. However, Fumonisin A 1 and A 2 (FA 1 & FA 2 ) also occur naturally [23] . In 1993, the International Agency for Research in Carcinogenesis, (IARC) classified fumonisins as Group 2B compounds -"probably carcinogenic for humans" [13] . Fumonisin contamination of maize occurs in many parts of the world with reported levels greater than 100 mg/Kg in some regions. Fumonisin contamination of agricultural produce is dependent on geographical region, season and the conditions under which the particular grain is grown, harvested and stored. Grain grown in tropical and subtropical regions is more prone to fumonisin contamination due to the relatively long and warm growing season Michael and Wyatt, 1993. Contamination of corn with high levels of fumonisin has been reported in Tanzania, South Africa, United States and China [14, 7, 8, 26] .
Fumonisin B 1 is considered the most prevalent and most toxic derivative within the group of fumonisins [31] . Contamination of cereals with the fungus Fusarium moniliforme, a common contaminant of corn throughout the world, has been associated with several human and animal diseases. Consumption of moldy maize containing fumonisin B 1 has been associated with an outbreak of abdominal pain and diarrhea in India [2] . Pathogenic effects due to fumonisin ingestion in animals include leukoencephalomalacia, pulmonary edema, hepatotoxicity, hepatocarcinogenicity and nephrotoxicity [23] . Consumption of contaminated maize has been associated with an elevated risk of human esophageal cancer in the Transkei region in South Africa and China [32] . The regulatory limit for fumonisins in the United States is 2-4 mg/Kg (2 to 4 ppm) in foods meant for direct human consumption [28] and in the European Union it is 4 mg/Kg (4 ppm) in foods meant for further processing and 1 mg/Kg (1 ppm) in foods meant for direct human consumption, (European Union 1881/2006). The maximum tolerable daily intake limit as set by the Food and Agriculture Organization (FAO)/World Health Organization (WHO) is 2 g/kg body weight/day for FB 1 , FB 2 and FB 3 alone or combined.
The regulatory limit by Codex Alimentarius is 4 mg/kg (4 ppm) for fumonisins B 1 + B 2 in unprocessed corn [5] . No regulatory limits have been set in Malawi for fumonisins.
Materials and methods

Sampling plan for maize
Maize is grown and consumed throughout Malawi and therefore a country-wide sampling plan was established. Malawi is divided politically into Northern, Central, and Southern Regions. Each region is divided into districts and three districts from each region were randomly chosen for sampling. The districts selected are shown in Table 2 . In each district 10 households were randomly selected to provide samples. 1 kg of maize from the bag of maize currently being consumed was sampled from the selected households. The maize samples taken were those stored from the produce harvested during the current growing season from existing subsistence farms of the households. A total of 30 samples of maize were collected per region resulting in a total of 90 samples for the whole country (Table 1 and Fig. 1 ). 
Sample preparation and extraction
The aflatoxin and fumonisin content of maize samples was determined according to the manufacturer's directions provided with Reveal Q + kits (Neogen ® Corporation, Lansing, MI, USA). Briefly, the 1 kg samples collected from rural households were thoroughly mixed and 500 g was ground with a blender (OMNIBLEND V-Heavy duty professional blender, TM-800A, JTC-China). The ground samples were stored in plastic bags in a cool, dry place until analyzed. 10 g of a ground sample was weighed into a 250 ml round bottomed flask using a top-loading pan balance (METTLER PJ 300, METTLER instrument AG, CH-8606 Greifensee-Zurich Switzerland). 50 ml of 65% ethanol was added to the flask and mycotoxins were extracted by shaking the mixture for 3 min. The mixture was filtered through fluted filter paper (Whatman No. 1, WHAT-MAN International Ltd., Mad stone, England) and both aflatoxin and fumonisin assays were performed on the 65% ethanol extract. The Reveal Q + kits are for total aflatoxin and fumonisin quantitation, they are single-step lateral flow immunochromatographic assays, based on a competitive immunoassay format. Lateral flow strips coated with antibodies interact with antigen (mycotoxin) molecules in the sample extract. The developed strip was removed and inserted into a Reveal Accuscan III Reader System (AS 5130, Neogen ® Corporation, Lansing, MI, USA) and the reader displayed the aflatoxin or fumonisin content of the sample. The Reveal Q + assay for aflatoxin is quantitative for total aflatoxins. The linear range of detection is 2-150 g/Kg. The Reveal Q + assay for fumonisin is semi-quantitative for quantification of B 1 plus B 2 . The linear range of detection for B 1 plus B 2 is 1-7 mg/kg. Maize samples were analyzed in duplicate.
Statistical analyses
The differences in group means of the ranked scores for aflatoxin and fumonisin contamination in each district sampled were tested for significance ( < 0.05) by using the Kruskal-Wallis nonparametric multiple comparison test for all pairwise differences between means. Means and standard deviations for each district were calculated individually using Microsoft Excel 2010.
Results and discussion
Aflatoxin contamination
All maize samples contained detectable concetrantions of aflatoxin. The maximum concentration of aflatoxin in maize was 140 g/kg with an overall mean of 8.3 g/kg ± 8.2 for maize collected from 90 households ( Table 2) .
The highest aflatoxin concentrations were observed in the Southern region in the Chikhwawa district with mean of 22.5 followed by Machinga, 18.5 and then Salima with 11.8 g/kg (Fig. 2) . All three districts sampled in the Northern region and two in Central region had mean aflatoxin concentration below 3 g/kg. About 20% of the households were consuming maize that exceeded the regulatory limit for aflatoxins in Malawi (3 g/kg, Table 3 ). Chikhwawa and Machinga had more households with aflatoxin contamination greater than 3 g/kg, the regulatory limit for aflatoxin in Malawi. Based on the Kruskal-Wallis test, there were significant differences in aflatoxin contamination between districts (p ≤ 0.05). Even though highest contamination was on average observed in Chikhwawa, Machinga and Salima, only a few households were observed to have the highest contamination, like 2, 1 and 3 households in Chikhwawa, Salima and Machinga, respectively. The differences in contamination may probably be attributable to poor pre and post harvest practices. These samples were taken from the bags of maize currently being consumed, and the differences in contamination is an indication of the differences in handling of the produce.
Only about 21% of maize, samples exceeded the tolerable maximum limit for Malawi. These results compare very well with those reported by Sangere-Tigori et al. [22] in Ivory Coast, Madbouly et al. [15] in Egypt, and Kimanya et al. [14] in Tanzania. In a similar study in Malawi, International Crops Research Institute for the Semi-Arid Tropics (ICRISAT) and National Association of Smallholder Farmers of Malawi (NASFAM) reported very high levels of aflatoxin in maize, 1335 g/kg [19] . However, in the previous and current study, the southern region in general and the Chikhwawa district in particular had the highest aflatoxin contamination. In the previous study this was attributed to high literacy levels in the North as compared to farmers in the Central and Southern regions respectively. Fig. 2 shows mean aflatoxin concentrations for all districts sampled. Samples obtained from the Chikhwawa district had the highest aflatoxin concentrations for maize, with a mean value of 22.5 g/kg ± 46.51. Mean values above maximum tolerable limit for Malawi were observed in Chikhwawa, Mulanje, Machinga and Salima. Machinga and Chikhwawa had more households with aflatoxin concentrations greater than the maximum regulatory limit in the country (3 g/kg). 
Fumonisin contamination
Unlike aflatoxin almost all maize samples contained nondetectable concentrations of fumonisin. Seventy-six out of ninety samples (84%) of maize tested had fumonisin levels <1 mg/kg the maximum tolerable limit for fumonisin in the European Union in maize. The maximum concentration of fumonisin (B 1 + B 2 ) in maize was 7 mg/kg with an overall mean of 0.9 mg/kg ± 1.0 for the maize collected in all the 90 households ( Table 4) .
The highest fumonisin concentrations in maize were observed in the Southern region in the Chikhwawa district (Fig. 3) . About 60% of maize samples (6 households out of 10) analyzed in the Chikhwawa district had fumonisin levels >4 mg/kg, the maximum regulatory limit in the United States (Table 5) .
There was a significant difference (p ≤ 0.05) in fumonisin contamination between the districts with Chikhwawa having the highest contamination with 60% of households exceeding the maximum tolerable limit of fumonisins in the European Union and United States and Kasungu the lowest with one household having high level of fumonisin contamination, (7 mg/kg). The Chikwawa district had the highest fumonisin contamination probably due to Table 5 Fumonisin concentrations in raw maize, groundnuts and rice in selected districts in Malawi.
Parameter
Fumonisin (mg/kg) Overall mean ± SD (mg/kg) 0.9 ± 1.0 Range, all samples (mg/kg) 0. the existing long and warn moist conditions prevalent in the district that favour growth of the fusarium fungi. Despite of having more households with high fumonisin concentrations Chikhwawa was still not significantly different from districts; Nkhata Bay, Machinga, Karonga, Mulanje and Lilongwe, (Table 6 ). Based on the Krusakal-Wallis group rank mean scores, Kasungu had the lowest and Chikhwawa the greatest fumonisin (B1 + B2) contamination of maize (p ≤ 0.05) ( Table 7) . Currently, fumonisins are not being regulated in Malawi and as such, levels of maximum contamination have not yet been set. Meanwhile, Codex Alimentarius has set the maximum limit for fumonisins in food at 4 mg/kg [5] . Only about 10% of maize, samples exceeded the maximum tolerable limit for the European Union and United States (Table 6 ). These results compare very well with those reported in other studies by Madbouly et al. [15] in Egypt and Kimanya et al. [14] in Tanzania. Similar results were also reported by Fandohan et al. [7] in Benin with total fumonisins ranging from 0.6-2.4 mg/kg in Zimbabwe and the Transkei region of South Africa [8, 26] . In two of the samples from the Chikhwawa district and one from Salima, aflatoxins and fumonisins were present in high concentrations in maize. The levels were 140 g/kg and 7 mg/kg for Chikwawa and 120 g/kg and 7 mg/kg for Salima in maize for aflatoxins and fumonisins. This is in agreement with results from Tanzania where aflatoxins and fumonisins were found to coexist [14] .
Malawi is a maize-deficient country. The staple food shortage in the country was estimated at 700,000 t in 2002 [1] . The major causes of food shortage in Malawi include sporadic rainfall and frequent droughts, high fertilizer costs and lack of farm input loan facilities. Food safety in Malawi is subject to issues of food security, especially where food shortages are caused by natural phenomena such as drought. Many subsistence farmers in Malawi and in Africa in general [25] are reliant on the consumption of homegrown crops, irrespective of the quality considerations normally applied in the developed world. Even with adequate crops, poor traditional storage facilities often lead to deterioration of these crops. Given these harsh realities, it is not surprising that mycotoxin contamination, (aflatoxins in particular) of staple foods in Table 6 Samples meeting country specific regulatory limits for fumonisins in the EU and USA.
Maize samples
Maximum tolerable limits (mg/kg) for: European Union (<1) 76 USA (1) (2) (3) (4) 5 No. of samples containing >4 mg/kg 9 this study was detected in most of the samples collected. Although only recognized during the previous century, human and animal mycotoxicoses resulting from fungal contamination have presumably existed for centuries in Africa [25] , none of which have been reported in Malawi either due to lack of proper documentation or due to ignorance at the local level, or as noted from the results most of the contamination is at low levels which may lead to chronic effects after a long term of exposure. Symptoms due to low, chronic intakes are difficult to associate with mycotoxin consumption. Matumba et al. [16] reported that most of the traditional methods of processing maize reduce aflatoxins by an average of 40% with the best process reducing aflatoxin levels by 80%. Although most of the maize was contaminated, 82% of the aflatoxin contamination was less than 3 g/kg. With a 40% reduction in contamination by processing, acute mycotoxicoses from aflatoxin and fumonisin is unlikely. Apart from outbreaks of acute aflatoxicosis, aflatoxin exposure is thought to substantially contribute to the disease burden of African communities due to chronic consumption of low levels of aflatoxins.
Studies on the correlation between the incidence of primary hepatocellular carcinoma and human exposure to aflatoxins in a number of African countries (Kenya, Mozambique, and Swaziland) helped demonstrate the role of aflatoxin as a human carcinogen [33] . The relationship between aflatoxins and the childhood disease of kwashiorkor is not clear. Although kwashiorkor is widely thought to be a form of protein energy malnutrition, there are hypotheses suggesting that some characteristic features of the disease are known to be among the pathological effects caused by aflatoxins in animals [33, 32] . The prevalence and level of human exposure to mycotoxins in Malawi is neither well documented nor assessed. However, the prevalence and level of human exposure to aflatoxins on a global scale has been reviewed and the resulting conclusion was that approximately 4.5 billion persons living in developing countries, including Malawi, are chronically exposed to largely uncontrolled amounts of the toxin [33] . In locations where aflatoxin exposure has been studied, chronic low level intakes result in poor nutrition and immunity status [33] . It is also hypothesized that the aflatoxin exposure and the toxic effects of aflatoxins on immunity and nutrition combine to negatively affect health factors, including HIV and AIDS which is currently a major issue in Malawi and many other Sub Saharan African Countries. This is the first time fumonisins have been studied in Malawi, and as shown in Table 6 and in Fig. 3 , levels greater than 6 mg/kg were detected. With these findings it means people in the affected areas are at risk of the negative effects of mycotoxin ingestion. The fact that fumonisins have been detected it is a clear indication that other Fusarium mycotoxins are likely present [22] putting people at even higher risk.
Study limitations
This study only looked at the prevalence of the mycotoxins in maize consumed by people in the rural Malawi but did not look at the actual exposure prevalence of the population to determine if the aflatoxin and exposure problem exists in the population. Also the method used could only determine total aflatoxins and fumonisins. There is need therefore to determine the actual prevalence of the individual toxins, AFB1, AFB2, AFG1 and AFG2 as well as the FB1 and FB2 with methods like the High Performance Liquid Chromatography (HPLC).
Conclusion
This study confirms that aflatoxins and fumonisins are widespread contaminants of maize in food intended for human consumption in Malawi. It shows that populations in the rural areas of Malawi may be at a high risk of exposure to unacceptably high levels of aflatoxins and fumonisins especially in the Chikhwawa and Machinga districts in the Southern part of the country where relatively high levels of both aflatoxins and fumonisins were observed. The findings of this study should trigger further research that will generate data on the aflatoxin and fumonisin exposure among Malawians especially children.
Based on this study, there clearly is a need to assess the extent of exposure in the rural population using biomarkers. People in rural areas should also be made aware of the existence of these contaminants in their food crops and the risks associated with them.
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